The purpose of this work is to study the best number of layer with the higher impact energy using Glass Fibre Reinforced Polymer (GFRP).
Introduction
Glass fibre reinforced polymer (GFRP) is the composite material that has been widely used throughout the structure of large civil aircraft due to their high specific strength, stiffness and good fatigue resistance. They are the most economical choice depending upon the cost of material, production and life cycle cost as well as an excellent in material properties. In recent years, there has been increasing demand to reduce the weight of armour structures used in various applications such as tanks and helicopters. This weight reduction results in improved mobility, fuel efficiency and transportability of armoured vehicles [1] .
GFRP has light weight with the ability to resist heavy loads and supply excellent resistance to impact. Lately lightweight composites have been applied in beam-type structures under high loading rates, such as drive shafts in vehicles, rotor blades of helicopters, intake fan blades of jet engines, or even an entire composite wing of a spacecraft [2] [3] . The impact event is defined by many variables such as impactor and target geometries, impact speed and energy [4] [5] . Previous research had investigated the penetration and perforation of Fibre Reinforced Polymer (FRP) laminates using flat-faced, hemispherical ended, conical-tip and truncated-cone-nose projectiles in high velocity impact [6] . Based on previous studies, most of the impact tests have been done on thin laminates usually no thicker than 2 or 3 mm. Only a few recent papers were analysed on thick laminates [7] . In this work, laminates with 25, 33, 41 and 49 layers were analysed and tested. The ability of these materials to absorb energy elastically depends on the mechanical properties of the matrix and fibres, the interfacial strength, the velocity of impact and the size of the component [8] .
Composites produce an excellent performance with high specific strength and specific thickness by possessing good energy-absorption behaviour. The energy-absorption behaviour of composite materials is affected by a number of factors. These factors may be classified into composite materials and properties, fabrication conditions, geometry and dimensions of the structural components and test conditions [9] . Fibre reinforced composite materials are governed by the fibre material, matrix material, fibre orientation and form. In this work, material used is woven GFRP. The objective of this work is to investigate the best number of layer with the higher impact energy. Three different bullet types were used during impact tests which are blunt, hemispherical and conical to visualize the impact characteristics.
Materials Preparation
Specimen preparation plays a crucial role in determining test results. GFRP thickness per ply is approximately 0.25 mm. For this experiment, the specimens were prepared using hand layup technique. Four large panels of 500 mm × 500 mm were produced for 25, 33, 41 and 49 layers. At the end of the fabrication process, the required test specimen was cut into 100 mm × 100 mm square plates for testing purposes. The process of preparing the compound is based on a 2:1 ratio; that is, 2 portions of epoxy to 1 portion of hardener. The epoxy and hardener used are from types Zeepoxy HL002TA and Zeepoxy HL002 TB. The curing process was carried out at room temperature for 48 hours and weight was been evenly distributed throughout the composite. The specimens were cut to the required dimensions of 100 mm × 100 mm.
Experimental Setup
The impact tests were carried out using a single stage gas gun as shown in Fig. 1 . This instrument was connected to a ballistic data acquisition system to record the responses from the impact test. The test machine consists of five main components, which are the catch chamber, ballistic data acquisition system, pressure reservoir unit, the firing mechanism unit and the launching unit. Fig. 2 shows the catch chamber which provides room for holding the specimen to be tested. The impact tests were performed by clamping the specimens between two steel frames and striking them at the centre with a bullet. In this experiment, three projectiles of different geometries of bullets (blunt, hemispherical, conical) were impacted to the laminated specimens of 100 mm × 100 mm with 25, 33, 41 and 49 layers. The tests were carried out by varying the pressure of the gas gun from 5 to 20 bar. Each specimen was subjected to a single impact event. The response signals from each test specimen were recorded using a ballistic data acquisition system.
Results and Discussions
There were a total of 144 specimens with the dimension of 100 mm × 100 mm for the impact test. Before analyzing the experimental results, there are certain terms that should be defined. In general, impact energy is defined as the energy absorbed by the specimen. In other words, other energy consumption due to linear guide friction, deformation of grips and etc, are neglected. Penetration occurs when the bullet penetrates completely into the specimen.
For each test, three specimens were used to check the results repeatability. The tests were found to be highly repeatable in terms of impact energy. Four different pressure levels were tested. Fig. 3 illustrates the relationship between impact energy and gas gun pressure for different number of layer. For 25 and 33 layers, at 20 bar there was no impact energy value recorded because penetration had occurred. The results indicate that, as the value of the gas gun pressure increases, the impact energy value decreases. Gas gun pressure is varying directly with the bullet velocity. As the pressure increases, the velocity also increases proportionally. Therefore, as the bullet velocity increases, the amount of energy absorbed by the specimen decreases since the contact moment between the bullet and the specimen reduces. Thus, it can be concluded that, the higher the gas gun pressure, the higher the bullet velocity but the lower the amount of energy absorbed by the specimens. Furthermore, the results in Fig. 3 also show as the number of layer increases, the impact energy also increases.
From the impact tests conducted, it was found that at a gas gun pressure of 20 bar which is the highest level of pressure used in the test, only specimens with 41 and 49 layers could sustain the impact without penetration occurring. This is because as the number of layer increases, the specimen becomes stronger and tougher. Fig. 3 also shows the relation between impact energy and bullet type for different number of layer. The impact energy for the blunt bullet type is much higher than hemispherical and conical types since it has the highest surface area. Table 1 show that the blunt bullet type has the largest surface area, followed by the hemispherical and the conical types. The higher the contact surface area of the bullet, the higher the energy absorbed by the specimen. It was found that, as the amount of pressure increases, the amount of energy absorbed by the specimen becomes lower. This is due to the fact that as the pressure increases, the velocity of the bullet also increases, therefore the amount of energy absorb becomes lower. Even though there are only slight differences of impact energy value for all types of bullets used in the study, it can be concluded that the cross-sectional area of the bullet affects the energy absorbed by the specimen.
Summary
From the analysis, it can be concluded that number of layer affect the impact properties of GFRP. It can be summarise that as the number of layer increases, impact energy also increases. In addition, from the results, it was observed that by using different types of bullets (blunt, hemispherical, conical), there is only a slight difference in values of energy absorbed by the specimen. Thus, it can be simplified that as the surface area of the bullet increased, the energy absorbed by the specimen also increased. Hence, the best number of layer for this experiment is 41 and 49 layers because at impact tests with 20 bar of pressure, penetration did not occur. Unfortunately, a specimen of with 49 layers is heavier than a 41 layers specimen. Therefore, GFRP with 41 layers is the best choice for industry applications. 
